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1. Executive Summary/Conclusions

Illinois River Studies

Numerous studics have explored phosphorus (P) loads in the Ilincis River Watershed (IRW) to
the streams and rivers within the watershed and to Lake Tenkiller. Obscrved data and modcls
indicate nonpoint source pollution is the major contributor to P within the strcams and rivers of
the IRW and to Lake Tenkiller. Poultry waste application within the IRW to pasturcs is
identificd as a substantial contributor to overall P loads within IRW strcams and rivers and Lake
Tenkiller.

Pouliry Wasie and P Generation

Each of the defendants™ poultry operations within the Hlinois River Watershed (IRW) produces a
substantial amount of poultry waste and phosphorus. Poultry waste produced within the IRW
range between 354,000 and more than 500,000 tons annually. Phosphorus content of the poultry
wastc ranges from 8.7 million to nearly 10 million pounds annually.

Poultry Waste Land Application

Common practice for poultry waste disposal is land application to pasturc and cropped arcas. A
substantial amount of the defendants” poultry waste and P is land applicd within the IRW
annually. The poultry waste is applicd during the rainy scason from late winter through spring.

Observed P Loads in the Illinois River Watershed

The P loads to Lake Tenkiller averaged approximately 505,000 Ibs annually between 1997 and
2006. This represents a significant P load to the lake and is much greater per unit arca than for
other watcrsheds the region.

Point Sources of P in the Illinois River Watershed

A portion of the P in the IRW reaching Lake Tenkiller is from Waste Water Treatment Plant
(WWTP) discharges. P discharges from IRW WWTP have changed over time peaking at
slightly morce than 204,000 lbs annually in the late 1990s and carly 2000s. Beginning in 2003,
WWTP P discharges decreased to a little more than 90,000 1bs annually in the IRW duc to
changes in WWTP technology The defendants” processing facilitics discharge a significant
amount of P to WWTPs and thus contribute to point P sources within the IRW.

Phosphorus Mass Balance

A P mass balancc for the Illinois River Watershed indicates poultry production is a substantial
contributor to P within the Illinois River Watershed., Poultry production within the Illinois River
Watcrshed is currently responsible for more than 76% of P movement into the watershed.

P Loads in the IRW Based on Continued Poultry Waste Land Application

Average annual P loads to watcer in the Illinois River Watershed attributable to poultry waste
application to pasturcs is calculated at between 432,000 1b to nearly 500,000 1b annually bascd
on poultry P application to the landscape and litcrature P loss cocfficients.
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Poultry House Density Correlated to Elevated P Levels in Runoff and Base Flow

The analyscs of obscrved P in runoff and in bascflow for 14 small watersheds within the Tllinois
River Watershed that were sampled in 2005 and 2006 show a strong and statistically significant
corrclation between P oin runoff and in baseflow and poultry house density. Sub-basin poultry
housc densitics are strong predictors of strcam total phosphorus concentration showing a causc
and cffect relationship between poultry house operations and phosphorus concentrations in IRW
waters, From these analyscs, it is cvident that poultry waste is a substantial contributor to P in
stream Tunoff and in the bascflow within streams of the Illinois River Watershed.

Hydrologic/Waier Quality Modeling of lllinois River Waitershed

1. The hydrologic/water quality model was able to accurately model the P loads to IRW
rivers and strcams and Lake Tenkiller,

2. For continued poultry waste application in the IRW at current levels, modeled P loads to
Lake Tenkiller would increase during the first 30 years. For the next 70 years, P loads to
Lake Tenkiller would decline slightly and stabilize at levels above current Lake Tenkiller
P loads duc to P saturation of soils.

3. Cessation of poultry wastc application in the IRW would decreasc P loads to Lake
Tenkiller, The reductions in P loads to Lake Tenkiller due to poultry waste land
application cessation would be limited to 16% during the first 10 years following
cessation due to continued P load contributions from historical poultry waste application
in thc IRW that have clevated soil P, Following poultry waste land application cessation
in the IRW, reductions in P loads to Lake Tenkiller would reach 50% by years 51-60.

4. For continucd growth in the IRW poultry industry at a ratc the same as that between 1982
and 2002, P loads to Lake Tenkiller would increasc substantially  Within 40-50 years, P
loads to Lake Tenkiller would nearly double (increasce of 92%).

5. The addition of vegetated 100 foot buffers along all 3™ order and larger IRW streams
combined with poultry waste application cessation in the IRW would provide further
reductions of P loads of between 3 and 5% compared to poultry waste application
cessation alone. The addition of vegetated 100 foot buffers along all IRW strecams
combined with poultry waste application cessation in the IRW would provide further
reductions of P loads of between 10 and 13% compared to poultry waste application
cessation alonc,

6. P loads to Lake Tenkiller would be more than 275,000 1bs less than current levels (less
than % of current levels) if poultry waste had never been disposed of in the IRW, It
would take approximatcly 100 years of cessation of poultry waste application to retum P
loads in the IRW to what they would have been if no poultry waste land application had
oceurred.

7. P loads to Lake Tenkiller since 1954 have increased at approximately 10,000 Ibs per year.
Poultry wastc application in the IRW is responsible for approximately 6,600 Ibs of this
increase cach year.

8. Poultry waste land application in the IRW is a substantial contributor (45% between 1998
and 2006 and 59% between 2003 and 2006) to P loads to Lake Tenkiller, representing the
largest P source. WWTP P loads arc the sceond largest contributor to P loads to Lake
Tenkiller. Poultry plant discharges to WWTP represent a significant portion of WWTP P
loads.
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9. Cattle in the IRW recycle P brought into the IRW to feced poultry that is cxereted by
poultry and land applicd to pasturcs within the IRW, Although the P contribution of
cattle is from poultry waste, cattle accclerate the movement of P into IRW strecams and
rivers when they cxerete waste in and near IRW streams. Six pereent of P loads to Lake
Tenkiller result from cattle in and ncar IRW strcams.

10. The contributions of scptic systems to P loads in the IRW arc negligible.

Additional data from the IRW continue to become available, These data will be used to refine
analyscs reported herein and in new analyscs as appropriate. Therefore, 1 reserve the right to
updatc this report.
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2. Review of Illinois River Watershed Studies - P Contribution

Numcrous studics have cxplored P loads in the Illincis River Watershed (IRW) to the streams
and rivers within the watcershed and to Lake Tenkiller. Analysis of these reports indicates that
poultry waste application to pastures within the watershed is a substantial contributor to P in
the streams and rivers of the watershed and to Lake Tenkiller.

The majority of these studies indicate that P in the streams and rivers within the IRW has
increased over time, These studies consistently conclude that nonpoint sources of P are a
substantial contributor to total overall P loads to the Hllinois River, its tributaries, and Lake
Tenkiller. When these studies identified the source of nonpoint source P, they consistently
identify land application of poultry waste as the primary nonpoint source. Information is
summarized from these reports in the remainder of this section,

Observed data and models indicate nonpoint source pollution is the major contributor to P
loads within the streams and rivers of the IRW and to Lake Tenkiller. Poultry waste
application within the IRW to pastures is identified as the major and a substantial contributor
to overall P loads within IRW streams and rivers and Lake Tenkiller.

The USGS (Terry ctal,, 1984) conducted an cxtensive water quality study on the Illinois River
above Lake Frances from Scptember 1978 to Scptember 1981, The study concluded that
cxisting water quality in the Illinois River, and scveral tributarics, did not mect the Arkansas
Statc Guidcline of 100 ug/1 total phosphorus (as P) in strcams.

Oklahoma’s 305(b) Report (Oklahoma Department of Pollution Control, 1984 as reported by
Gadc (1998)) included an asscssment of trends for certain water quality paramcters at USGS
gauging stations 07195500 (Illinois River at Watts), 07196000 (Flint Creck near Kansas, OK),
07196500 (Illinvis River near Tahlequah), and 07197000 (Baron Fork ncar Eldon, OK) for the
period from 1975 to 1983 done by the Oklahoma Department of Pollution Control (ODPC). The
report concluded there was an apparcent increasing trend in concentrations of total phosphorus at
all four stations.

Walker (1987 as reported by Gade (1998)) reviewed EPA’s STORET data basc and Gakstatter
and Katko’s data (1986 as reported by Gade (1998)) and concluded that phosphorus
coneentrations have increased by a factor of roughly two to three over the past decade. Walker
uscd flow-weighted annual mean total P concentrations to develop conclusions about trends. He
suggested it would be proper to comparce years of comparable flow to determinge if total
phosphorus concentrations had indeed increased. Walker also concluded the most probable
causc for accelerated cutrophication in Lake Tenkiller is increased point source nutrient loadings
since nonpoint sources tend to be rich in nitrogen while point sources tend to be rich in
phosphorus (Walker, 1987 as reported by Gade (1998)). Walker’s interpretation is incorrect
because poultry waste contains significant amounts of P that is not in proportion to plant needs.
Thus, when poultry waste has been applied to mect the nitrogen needs of plants there is
incvitably an cxcessive P application to pasturcs in the IRW.
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Jobe ct al. (1996) reccommended a 30-40% reduction in nutrient input into Lake Tenkiller
(**Clean-Lakes” Diagnostic and Feasibility Study on Tenkiller Lake, Oklahoma),

The authors of lllinois River Water Quality, Macroinvertebrate and Fish Community Survey
cxplored EPA STORET data. At the Savoy station, total P load increascs slightly despite high P
peaks in mid 80s. They noted that peak values scem to be in responsc to increascd runoff.

Burks and Kimball (1988 as reported by Gade (1998)) performed a study cvaluating existing
coneentrations of nutrients transported by the Ilinois River to make an assessment of the
potential cffects of water quality in Lake Tenkiller, They used QUALZE (a water quality modcl)
on the lower reaches of the Illinois River above Lake Tenkiller and the upper scgment of Lake
Tenkiller. They found a projected decrcase in P input from Tahlequah™s WWTP after
construction and implementation of a P removal system would be adequate in reducing the rate
of cutrophication in Lake Tenkiller. However, they concluded that other point and non-point
sources within the basin would still contribute to the further deterioration of water quality in
Lake Tenkiller, They recommended concerted cfforts to public and private agencics to reduce P
input into Lake Tenkiller to prevent further deterioration.

Harton (1989 as reported by Gade (1998)) performed a modeling study of the Ilinois River in an
attcmpt to analyzc contributions of point and nonpoint source P loading on Lake Tenkiller, The
Fayctteville wastewater treatment plant cffluent was determined to have no obscrvable cffect on
cutrophication in Lake Tenkiller. Harton concluded the substantial distance from the point of
cntry of the cffluent into the Illinois River to Lake Tenkiller was sufficient to allow for nearly
total removal by biological activity. Nonpoint Source (NPS) total P loadings from Oklahoma
and Arkansas were found to be the main loading sources to the lake. Harton concluded that
removal of 70-90% of the total P loading from point and nonpoint sources would be necessary to
bring cutrophication under control in Lake Tenkiller.

Burks ct al. (1991 as reported by Gade (1998)) cvaluated factors affecting water quality in the
Ilinois River. In-strcam total P concentration cxceeded the 0.1 mg/1 level recommended by the
EPA (US EPA, 1986} to prevent enrichment of strcams or tributarics to standing bodics of water.
They suggested there was “overwhelming cvidence” that P loading to the upper end of Lake
Tenkiller was cxcessive, and predicted decereases in water quality for the lake. Total N loading
also was shown to be increasing over time.  They suggested strict reduction of both point and
nonpoint nutricnt inputs into the system, and suggested that the focus be placed on P.

The Phase 1 Diagnostic and Feasibility Study on Tenkiller Lake (OWRB, 1996) found that mcan
annual concentrations of P, N, and chlorophyll a measurced throughout Lake Tenkiller were
indicative of cutrophic conditions. Recommendations for control of cutrophication were focused
on the reduction of P from both point and nonpoint sources.

Gade (1990 as reported by Gade (1998)) presented temporal trend tests (Kendall Tau) on flow
adjusted concentrations of total P at USGS gauging stations 07195500 (Illinois River at Watts,
OK), 07196000 (Flint Creck necar Kansas, OK), 07196500 (Illincis River near Tahlequah, OK),
and 07197000 (Baron Form Creck ncar Eldon, OK) all indicated highly significant upward
trends for the period from 1976 to 1986.
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Phillips (2007) summarizes scveral studics that have been conducted on the IRW and its watcers,
including Lake Tenkiller, that document cxcess P in these waters and the source of the exceess P
Phillips concludes that poultry waste application to soils in the IRW has contributed to the
historical watcer quality problems within the IRW and Lake Tenkiller,

Nclson ct al. (2002) analyzed 5 years of obscrved P data in the Tllineis River at the Arkansas
Highway 59 bridge just prior to the Illinois River reaching Oklahoma. TP load at the Illinois
River ncar the Arkansas-Oklahoma border is about 208,000 kg where 45% of the annual loading
is from municipal WWTPs (Haggard ct al,, 2003). Up to 83% of the average annual P loading
from municipal WWTPs in the Illinois River can be attributed to a single WWTP (Springdale,
Arkansas — sce Scetion 6 of this report for further discussion) (Nelson ct al, 2002). However, in
2003 the WWTP loads were decreased significantly such that the total load in the IRW draining
to Lake Tenkiller is approximately 90,000 1b annually {(comparced to 226,000 b prior to 2003).
Haggard and Socrens (2006) indicated that WWTPs in the IRW have recently adopted a 1 mg/L
P standard for discharge.

Nelson ct al. (2002) also performed a P mass balance for the Arkansas portion of the Illinois
River Watershed, They concluded that cven if point sources were climinated, the P
concentrations in the Illinois River at the sampling location on Arkansas Highway 59 would
cxceed the 0.037 mg P standard. Their analyscs identify poultry waste spread on pasturcs as the
primary sourcce of the nonpoint source (NPS) P in the Illinois River at Atkansas Highway 59.

Green and Haggard (2001) cxamined phosphorus and nitrogen concentrations and loads at the
IMlinois River south of Siloam Springs, Arkansas between 1997 and 1999, They found that flow-
weighted nutrient concentrations and nutrient yiclds at the Illinois River site were about 10 to
100 times greater than national averages for undeveloped basings. Most of the phosphorus load
was contributed during surface runoff. On average, basc flow contributed 15 percent of the
annual total phosphorus load; surface runoff contributed 85 percent of the annual total
phosphorus load. On average, 72 pereent of the soluble reactive phosphorus annual load was
contributed during surface numotf.

Haggard ct al. (2002) cxamincd phosphorus concentrations and loads in the Statc of Oklahoma’s
scenic rivers (The Baron Fork, Flint Creek, and the Illinois River) between 1998 and 2000, They
found that approximately 39% of the 367,000 kg/yr phosphorus load to Lake Tenkiller from the
Illinois River and Baron Fork was in the dissolved form, and over 94% of the phosphorus load
was transported during surface runoff. Annual phosphorus loads were Icast in 1999 (232,000
kg/yr) but were greatest in the following year (506,000 kg/yr in 2000). Lake Francis, a small
impoundment near the Arkansas-Oklahoma border, retained about 26 % of the phosphorus
transported from Arkansas to Oklahoma in the Illinois River. Phosphorus yiclds (kgr’kmz) and
flow-weighted coneentrations from the IRW were about 10 times greater than values reported for
undeveloped basins, nationally and regionally (Haggard ct al. (2002)).

Pickup ct al. (2003) obscrved phosphorus concentration for the Illinois River Basin, in Arkansas
and Oklahoma between 1997and 2001 These data were used to calculate P loads and yiclds.
Phosphorus concentrations in the Illinois River basin gencrally were significantly greater in
runoff-cvent samples than in basc-flow samples. Loads appearcd to gencrally increasc with time
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during 1997-2001 at all stations, but this incrcasc might be partly attributable to the beginning of
runoff-cvent sampling in the basin in July 1999. Runcff components of the annual total
phosphorus load at USGS gauges in the IRW ranged from 58.7 to 96.8% from 1997-2001 Mcan
flow-weighted concentrations were more than 10 times grater than the median and were
consistently greater than the 75™ percentile of flow-weighted phosphorus concentrations in
samples collected at relatively undeveloped basing of the United States,  The annual average
phosphorus load cntering Lake Tenkiller was about 577,000 pounds per year, and morce than 86%
of the load was transported to the lake by runoff which is predominatcly NPS P

Tortorclli and Pickup (2006) obscrved phosphorus concentrations in the Illinois River Basin,
Arkansas and Oklahoma between 2000-2004. They used this data to compute P loads at IRW
USGS gauging stations. Annual total loads in the Illinois River from Watts to Tahlequah
increased slightly for the period 2000-2002 and decreased slightly for the periods 2001-2003 and
2002-2004. Calculated mean annual runoff loads ranged from 68-96% of the calculated mean
annual total phosphorus loads from 2000-2004. Calculated mean scasonal basc-flow loads were
generally greatest in spring (March through May) and were least in fall (Scptember through
November). Calculated mean scasonal runoff loads gencrally were greatest in summer (June
through August) for the period 2000-2002 but were greatest in winter (December through
Fcbruary) for the period 2001-2003, and greatest in spring for the period 2002-2004. The
calculated mean annual phosphorus load entering Lake Tenkiller ranged from about 391,000
pounds per year to 712,000 pounds per year, and from about 83 to 90 percent of the load was
transportcd to the lake by runoff which is predominatcly NPS P,

The mean load of total P was calculated to be 1180 1bs/day at the upper end of Tenkiller (Harton,
1989 as reported in Burks) of which an cstimated 221 Ibs/day were point sources with the
remaindcer from nonpoint sources (73%). Nonpoint source P was cstimated at 415 lbs from
Arkansas and 189 lbs from Oklahoma.

Vicux and Morcda (2003) used obscrved P concentration data and flow data for the IRW to
create a relationship between streanmyriver flow and P concentrations. Figures 2.1 and 2.2 show P
concentrations at Watts and Tahlequah that they plotted. These P concentrations were
consistently above the 50 ug/l level that has commonly been recommended as a water quality
threshold. They found the majority of P loading in the IRW occurred during direct runoff cvents
and found high concentrations of P at high flow rates and low P concentrations for low flow
rates. Vicux and Moreda (2003) also noted that the P gencrated by the poultry industry in the
IRW is cquivalent to a human population of 8 million people (2000 population of the IRW is
slightly morce than 280,000 people). They further indicated that poultry manure is stored and
then applied to pasturcland. They conclude that, with the large number of poultry in the IRW,
the potential for contamination by poultry manure is high. They indicate that most of the P
rcaching Lake Tenkiller is from NPS sources.
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Walker (1987) uscd monitoring data from subwatersheds in the IRW not influenced by Waste
Water Treatment Plants (WWTP) and found the average P concentration in runoff duc to NPS
from Arkansas was 150 mg/1 and from Oklahoma was 100 mg/l.

Gade (1998} found statistically significant increasing P concentration at 07194800 (Illinois River
near Savoy, AR) and 07197000 (Baron Fork Creck near Eldon, OK) for 1980-1993  Highly
significant increasing total P load trends (1980-1993) were found at 07194800, 07196500
(Illinois River near Tahlequah, OK), 07196000 (Flint Creck near Kansas, OK) and 07197000,

Gadc (1998) cstimated P loads to Lake Tenkiller using a model of the IRW - Gade (1998)
indicated that in1985 NRCS data identificd 1,246 sites that had poultry houscs for a total of
2,692 houscs in the IRW. Gade (1998) uscd poultry house data to cstimate P production in
poultry waste, pasture applicd P and pasturc arca by Illinois River Basin subwatershed in his
modcling. The land application of P was based on housc location, soil test phosphorus (STP),
and distances from the houscs. STP levels were highest near poultry housces. A distance from
poultry houscs was identificd that resulted in the best fit with obscrved STP levels (1500-
2500m). This indicates the majority of poultry waste is land applicd within 2500m of poultry
houscs.

Gadc (1998) cstimated mean annual adjusted loads entering Lake Tenkiller at Horseshoe Bend
arc 228,000 kg P/yr. He cstimated that 83.5% of P is nonpoint source pollution (190,000 kg/yr).
Gadc cstimated that at Horseshoe Bend, the mean annual concentration of total P was 0.23 mg/l
with 0.15 mg/1 from nonpoint sources, 0.02 mg/1 from background sources and 0.06 mg/1 from
point sourccs,

Storm ct al. (1996) uscd SIMPLE (Spatially Intcgratecd Modcl for Phosphorus Loading and
Erosion) in the Illinois River basin. They used 1985 NRCS poultry housce survey to calculate
poultry waste P but noted there was significant cxpansion of the poultry industry in the
Oklahoma portion of the watershed from 1985 through 1992, For the model run that considered
continuous loading of P from poultry over 25 years, the average increase in P load is 324
pereent. P loading was calculated at 2.30 kgrha per year from pastures after P was applied for 25
years. Storm et al. (1996) noted that long-term reductions in P loading can only be accomplished
by cxporting animal manure from the watershed. They indicated that to prevent excessive
buildup of soil P, litter should be diverted to ficlds deficient in P, and thosc ficlds with excessive
soil P levels should discontinue use of poultry litter and receive nitrogen from commercial
fertilizers.

Storm ct al. (1996) indicated that pasture arcas account for 95 percent of total nonpoint source P
loading to the basin with most of this coming from pasturcs reeeiving poultry waste, They
cstimated that 76 percent of total P load in the IRW comes from 6 subwatcrsheds: Flint, Benton,
Osage, Clear and Fork; although these watersheds represent 56 pereent of the basin arca. They
indicated that overall 66 percent of P was from nonpoint source pollution (Note significant P
reductions in point sources began in 2003 so this proportion would be cxpected to be much
higher now).
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Storm ct al. (2006) uscd the SWAT in the IRW and calculated 330,000 kg/yr of total phosphorus
(88,000 kg/yr was in soluble mincral forms) rcached Lake Tenkiller between 1997 and 2001
They indicated point sources of P to be 35% of this total and application of litter being
responsible for 15% of total phosphorus load.  However, they note “This does not include the
cffect of increased soil phosphorus from years of poultry litter application, which increased total
phosphorus load. Thercfore, if litter application was suddenly climinated, the phosphorus load
would be reduced by approximately 15%. Total phosphorus load duc only to clevated soil
phosphorous from the application of litter was not estimated.”  They note that 50% of total P
loads were from other NPS sources, but they did not determine the portion of this attributable to
poultry.

A draft TMDL analysis was performed on the IRW and Lake Tenkiller. In reviewing the sources
of nutricnts, a 1989 Soil Conservation Scrvice (USDA-SCS, 1989) inventory was reviewed that
cstimated more than 93,400,000 chickens and other poultry are producced in the basin cach year,
producing 366,000,000 kilograms of manurc. Gade (1998) indicates the poultry litter cleanced
from poultry houscs is spread over open pasturcs and barren ficlds, The report concludes that
cutrophication in Lake Tenkiller is most sensitive to changes in P loading. A 25 percent
reduction in P loading was required for lake water quality to satisfy the target critcria.  Point
sources were estimated to contribute 23% of P to Lake Tenkiller while urban and cropland
contribute 5.6% of P, and pasturc (with litter) contributes 56% of P

Smith ct al. (1997) analyzed HUCs (watcrsheds) to identify the contributors of nutrients to
strcams and rivers. For the Ilinois River Watershed, they found that livestock contributed 93.01
kg P per square km per year (out of a total of 118.29 kg P per square km per year), while point
sources contributed 5.33 kg P per squarc km per year and fertilizer contributed 8.52 kg P per
squarc km per year, The Smith ct al. (1997) analysis indicates livestock are responsible for
78.63% of P in the Illinois River while point sources represent 4.5% and fertilizer represents
7.21%.

Smith and Alcxander (2000) mapped P contributions from livestock as shown in the figure below
(Figurc 2.3). The Illincis River Watershed was identified as having between 50 and 83% of P
loads in runoff attributable to livestock (morce than 78% bascd on Smith ¢t al. (1997)). They
found that comparced to national data, the Illinois River P contributions from livestock are among
the highest in the nation,
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Figurc 2.3 Contributions of animal agriculturc to nutrient cxport from hydrologic units
(watcrsheds) (from Smith and Alexander (2000))

Appendix A summarizes additional journal papers that complement the reports and literature
reviewed in this scetion, These materials further support the analysis conducted throughout this
report,
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Annual poultry waste gencrated in the Illinois River Basin was calculated using several sources
of data. The analyses indicate each of the defendants’ poultry operations within the Illinois
River Watershed (IRW) produces a substantial amount of poultry waste and phosphorus.
Calculated poultry waste produced within the IRW range between 354,000 and more than
500,000 tons annually. Phosphorus content of the poultry waste ranges from 8.7 million to
nearly 10 million pounds annually.

3.1 Pouliry Production Data from Integraiors
The 2001-2006 poultry production data for the Illinois River Basin provided by the integrators
(Table 3.1) was uscd to calculate poultry waste and phosphorus (P) production. Not all
intcgrators provided production data by type of poultry. Thercfore, it was necessary to cstimate
the number of poultry by type for Tyson and Simmons. This was done by using the number of
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houscs of cach type of poultry by intcgrator created by Dr. Fisher (Fisher, 2008) and the average
poultry production by type per housc from the Arkansas Soil and Water Conscrvation
Commission to cstimate the proportion of poultry type for Tyson and Simmons. The Cobb data
were combined with Tyson data.

Poultry waste production was calculated using waste valucs from the USDA Agricultural Waste
Management Ficld Handbook, Ch.4 - Ag Waste Characteristics. The average weights of poultry

by typc were obtained from the Arkansas Soil and Water Conservation Commission data,

Tablc 3.1. Poultry Production in the Illinois River Basin Provided by Defendants™ Discovery

Responscs
Defendant 2001 2002 2003 2004 2005 2006
Cal-Maine 1.135.998 879.281 633.656 403.739 200.000 0
Cargill |  3.05%.603 3.032.295 3,381,331 3545084 | 3.381.451 2.305.422
Cobb 1,189358 1,279.798 1,237.193 1.250.237 1,243,562 1,244,481
George's | 19972941 | 20082206 | 21312971 | 23535964 | 26524368 | 27.479.391
Peterson 13.277.715 14.454.936 14.897.458 | 20.981.977 18.166.724 16.887.638
Simmons 15,400,000 17.600.000 15,600,000 | 25.400.000 | 31.600.000 [ 27.400.000
Tyson 87.027,895 88142559 | 90,098,641 95,023,680 89.719.497 $8.639.337
TOTAL | 140,870,901 | 145.267.093 | 149,255,914 | 170,140.681 | 170,835,602 | 163,956.269

The annual poultry waste and P produced by poultry bascd on poultry production data provided
by the defendants arc shown in Table 3.2 for the years 2001-2006. Phosphorus in the poultry
wastc shown in Table 3.2 is consistent with calculations obtained in performing a P mass balance
for the Illinois River Watcrshed (as sctout in Section 7 of this report and Appendix B). Waste
ranges from nearly 420,000 tons in 2001 to more than 482,000 tons in 2004 Phosphorus in the
poultry waste ranges from more than 8.7 million pounds in 2001 to nearly 10 million pounds in

2004.
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Table 3.2, Poultry Wastc and P Production within the IRW Bascd on Defendant Supplicd Poultry
Production Data

Total Waste
Year (tons) Total P (Ibs)
2001 420,555 8,732,752
2002 425,308 8,801,173
2003 440,920 9,176,463
2004 482,407 9,975,305
2005 476,649 9,819,383
2006 445,364 9,000,113

The annual poultry waste produced by intcgrator bascd on defendant supplicd poultry production

data is shown in Tablc 3.3, Each defendant producces a substantial amount of waste with Tyson

producing approximatcly ¥ of the waste.

Table 3.3, Poultry Wastc by Defendant within the IRW Basced on Defendant Supplicd Poultry

Production Data for 2001-2006

Poultry Waste

(tons)

Year Cal-Maine Cargill Georges  Peterson  Simmons Tyson+Cobb
2001 18,626 45,086 69,510 27,970 40,247 219,116
2002 14,561 44,698 67,494 30,450 45,996 222,110
2003 10,821 49,843 73,401 31,382 48,610 226,862
2004 6,712 52,257 73,730 44,199 66,381 239,128
2005 3,135 49,845 76,879 38,269 82,585 225936
2006 0 33,984 80,943 35,574 71,608 223,256

The annual P produced in poultry waste by intcgrator based on defendant supplicd poultry

production data is shown in Tablc 3.4, Each of the defendants® poultry operations produce a

substantial amount of P in poultry wastc with Tyson’s producing approximately % of P in poultry

wastc,

Tablc 3.4. Phosphorus in Poultry Waste by Defendant within the IRW Basced on Defendant

Supplicd Poultry Production Data for 2001-2006

P in Poultry Waste (lbs)

Year Cal-Maine  Cargill  Georges Peterson Simmons Tyson+Cobb
2001 396,398 1,484,311 1,452,470 543,414 768,007 4,088,152
2002 311,363 1,471,544 1,404,951 591,594 877,722 4,143,999
2003 233,511 1,640,927 1,532,054 609,705 927,592 4,232,673
2004 145,707 1,720,395 1,522,252 858,725 1,266,712 4,461,513
2005 71,837 1,640,986 1,571,747 743,505 1,575,910 4,215,398
2006 0 1,118,799 1,658,320 691,157 1,366,453 4,165,384
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3.2 USDA Agriculture Census Data

In calculating poultry waste gencrated in the Illinois River Basin using the 2002 USDA
Agriculturc Census data, poultry were allocated to the basin using the proportion of pasture
within countics to assign the proportion of poultry in the county to the basin. This approach
calculated approximatcly 528,000 tons of poultry waste per year gencrated in the IRW.

Annual poultry waste generation was also calculated using 2002 USDA Agricultural Census data
by allocating poultry to the basin proportional to the arca of cach county within the watershed.
Calculated annual poultry waste in the IRW using this allocation approach is approximatcly
414,000 tons per year,

3.3 Arkansas Soil and Water Conservation Commission Dala

The Arkansas Soil and Water Conscrvation Commission 2007 Poultry Registration data on
poultry production in the Illinois River Basin were used to estimate poultry waste production in
the basin. This data contained the type of poultry, weight, number, number of flocks, and
number of houses. These data were provided for poultry operations that were within the basin
within Benton and Washington countics. The average poultry production by type by housc was
computed from these data as was the average weight of poultry.

The number of active poultry houses with known integrators within the Oklahoma portion of the
basin was obtaincd from Dr. Fisher (Fisher, 2008). These houscs had an assigned poultry type as
well. Poultry numbcers for the Oklahoma countics were computed using the average production
numbers by type of poultry from the Arkansas Soil and Water Conscrvation Commission data.

The poultry waste valucs provided by the Arkansas Soil and Water Conscrvation Commission
uscd cquations that arc unrcalistic with regard to the amount of poultry waste producced per bird
as removed from poultry houses. The cquations used by the Atkansas Soil and Water
Conscrvation Commission to compute poultry waste calculate the amount of waste cxcreted on a
dry weight basis (amount of wastc cxcreted with all water removed and without inclusion of
bedding materials). Thercfore, poultry waste production was calculated using waste values from
the USDA Agricultural Wastc Management Ficld Handbook, Ch.4 - Ag Waste Characteristics.
The average weights of poultry by type were obtained from the Arkansas Soil and Water
Conservation Commission data.

The calculated annual poultry waste production using this approach within the IRW is
approximatcly 477,000 tons. The poultry housc data prepared by Dr. Bert Fisher that identificd
intcgrator and type of poultry were used to calculate the proportion of cach poultry type
produced by cach integrator (Fisher, 2008). Using this information and total waste production
for cach type of poultry, the litter production within the IRW for cach integrator was computed
and is shown in Tablc 3.5.
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Table 3.5. Calculated Annual Waste Production (tons) by Intcgrator Using Arkansas Soil and
Watcr Conscrvation Commission Data and USDA Waste Characteristics Ficld Manual

Type Poultry Waste Production (tons/yr)
Cal-Maine __ Cargill Georges Peterson  Simmons Tyson
Breeder 456 4,785 5,468 684 7,974 25,518
Broiler 0 1,018 56,006 38,950 58,552 148,162
Cornish 0 0 0 0 0 11,103
Turkey 0 52,073 0 0 0 0
Layer 12,362 0 11,411 6,657 0 6,657
Pullct 349 0 5,239 524 3,842 20,084
Total 13,167 57,876 78,125 46,814 70,368 211,523

The Arkansas Soil and Water Conscrvation Commission data show the following amounts of
poultry waste generated within the Illinois River Watershed (Table 3.6). The poultry waste
cstimates by the Arkansas Soil and Water Conscrvation Commission usc equations that greatly
under predict poultry waste gencration per bird as it would be removed from poultry houses.
The cquations uscd by the Arkansas Soil and Water Conscrvation Commission to conpute
poultry waste calculate the amount of waste excreted on a dry weight basis (amount of waste
cxcreted with all water removed and without inclusion of bedding materials).

Table 3.6. Arkansas Soil and Watcr Conscrvation Commission (ASWCC) Estimate of Poultry
Waste Generated in the Illinois River Watershed. Note the Equation Used by ANRC
Underestimates Waste Production as Removed from Poultry Housces. Equation Estimates Waste
Production on a Dry Weight Basis Without Bedding.

ASWCC Poultry Waste Generated in IRW (tons)
County 2004 2005 2006 2007
Benton 56,470 70,168 62,507 95,091
Washington 72,896 107,003 89,141 120,014

If the Atkansas Soil and Water Conservation Commission poultry waste cstimate for 2007
(215,105 tons) is converted to waste as removed from poultry housing (includes some moisture
and bedding material), the estimated poultry waste produced in Benton and Washington Countics
is more than 376,000 tons  This is based on USDA Agricultural Wastc Management Ficld
Handbook, Ch.4 - Ag Wastc Characteristics characterizations of poultry wastc data (20 lbs dry
weight per 1000 Ibs broilers and 35 Ibs as removed from housing including bedding per 1000 1bs
broilers; to convert waste in Table 3.6 to as removed multiply valucs by 35/20 or 1.75).
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3.3 Poultry Waste Generated within the IRW Based on Poultry House Data

Fisher (2008) calculated poultry waste gencration within the IRW bascd on active poultry houses
within the IRW, housc sizes, type of poultry, intcgrator, and waste production data. Poultry
houscs within the IRW were identificd from acrial photography and various data sources and
obscrvations were used to identify active housces (Fisher, 2008). The sizes of active houscs were
measurcd from acrial photography within a GIS. The integrator and type of poultry producced
within cach active housc was identificd from various records and obscrvations (Fisher, 2008).
The amount of waste produced per unit arca of house by poultry type was calculated from data in
animal wastc management plans preparcd under the supervision of the U, S District Court (N.D.
Okl by the Eucha/Spavinaw Watcrshed Management Team. Additional details of the
calculation arc provided in Fisher (2008).

Table 3.7 shows the amount of poultry waste produced by cach integrator within the IRW bascd
on the data and calculations overviewed above. Each of the defendants produces a significant
amount of poultry wastc within thc IRW,

Table 3.7
Poultry Wastc Production (tons) Within the Illinois River Watershed Caleulated from a
Considcration of the Total Arca of Active Poultry Housces Opcrated by a Known Defendant
(from Fisher, 2008)

Broiler | Breeder | Turkey | Pullet k Cornish | Hen | TOTAL %

__ Defendant |
Cal-Maine 358 112 250 TR

I

2.860 @ 15,108 17,968 5.08%
2 49813 5911 2.489 ] 388 60,101  16.98%
Peterson 35.063 491 277 1311 37,143 | 10.49%
Simmons 58.724 5,757 1.818 06,299  18.73%
129,421 18,593 7.735 9,874 1,521 167,144 | 47.22%
- Willowbrook 2.597 2.597 0.73%

TOTAL | 273,022 33970 | 17,704 12,430 9874 6,999 354,000

| 77.12% 9.60%  5.00% 351% 2.79% 1.98%

3.4 Literature Estimates of Poultry Waste and P in Poultry Waste in the IRW

Reports and published journal papers have estimated poultry waste and P in poultry waste within
the IRW. The estimates in these reports as desceribed below are consistent with the analyses
presented in the preceding sections.

Willett ot al. (2006) cstimated more than 361,000 tons of poultry waste was gencrated and
applicd within the IRW annually. They cstimated this waste contained more than 9,000 tons of
P. They recommended that poultry waste be exported from the watershed to address water
quality issucs in thc IRW,

In reviewing the sources of nutrients, a 1989 Soil Conscrvation Service (USDA-SCS, 1989)

inventory cstimated more than 93,400,000 chickens and other poultry arc produccd in the basin
cach year, producing 366,000,000 kilograms (403,000 tons) of manurc. Vicux and Morcda
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(2003) noted that the P gencrated by the poultry industry in the IRW is cquivalent to a human
population of 8 million people.

Smith ct al. (1997) analyzcd HUCs (watcrsheds) to identify the contributors of nutrients to
strcams and rivers. For the Illinois River Watershed, they found that livestock contributed 93.01
kg P per square km per year (out of a total of 118.29 kg P per square km per year), while point
sources contributed 5.33 kg P per squarc km per year and fertilizer contributed 8.52 kg P per
squarc km per year,

Nelson et al. (2002) found ncarly 6,000,000 Ibs of P annually were input into the Arkansas
portion of the Ilinois River Watcrshed (7,000,000 Ibs if cattle are considered but Nelson ct al,
acknowledge that cattle are recyeling P). Of the approximately 6,000,000 1bs of P, nearly
5,000,000 Ibs of P were cstimated to be from poultry litter application to pastures in the
watcrshed.

The USDA SCS and FS (1992) cstimatcd that poultry in the IRW gencrated twice as much
manure as cattle in the IRW. They estimated poultry manure in the IRW contained S times as
much P as cattle manure in the IRW.

3.4 Summary of Poultry Waste Generation in the IRW

Table 3.8 summarizes the poultry waste gencration within the IRW by method and/or source
Poultry waste generated within the IRW ranges between 354,000 tons annually to more than
500,000 tons annually.

Table 3.8, Poultry Waste Generated in the Illineis River Watershed

Source IRW Poultry Waste (tons/yr)

Dr. Fisher (Fisher, 2008) 354,000

Decfendant supplicd poultry and USDA waste cocfficients 421,000-482,000

(2001-2006)

USDA Ccensus and USDA waste cocfficients (2002) 414,000-528,000

Artkansas Soil and Water Conservation Commission Data, 477,000
Dr. Fisher house data, USDA waste cocfficients (2007)

USDA-SCS (1989) 403,000
Willett ot al. (2006) 361,000
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4. Poultry Waste Land Application

The common practice for poultry waste disposal is land application to pasture and cropped
areas. A substantial amount of the defendants’ poultry waste and P is land applied within the
IRW annually. The poultry waste is applied during the rainy season from late winter through
spring.

4.1 Poultry Waste Land Application Analysis

Fisher (2008) cxamincd ODAFF records to document land application of the defendants” poultry
wastc within the IRW. Fisher's table summarizing this is shown in Table 4.1,
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Table 4.1. Location of Waste Generation and Location of Waste Disposal by Defendant (from Fisher, 2008)
Location of Waste Disposal
Location Border Inside Qutside
ILLINOIS ILLINOIS ILLINOIS
Defendant Of RIVER RIVER RIVER
Waste Genel’ation Not Given |WATERSHED|WATERSHED|WATERSHED Total
(tons) (tons) (tons) (tons) {tons)

Not Given g 0] g 146 146
Aviagen Iriside ILLINOIS RIVER WATERSHED 369 g 110 g 470
Border ILLINOIS RIVER WATERSHED U U 1] 1] i
Outside ILLINOIS RIVER WATERSHED g g g 2559 2559
Mot Given U U U U Ui
Cal Maine Foods Inside ILLINOIS RIVER WATERSHED GE_I 0] 3327 792 41 88
Border ILLINOIS RIVER WATERSHED g g 0 g 0
Quiside ILLINOIS RIVER WATERSHED U U 4] 8] i
Not Given 583 g 1472 g 2055
Cargill Inside ILLINOIS RIVER WATERSHED U U SCIEQ' 30 3046
Border ILLINOIS RIVER WATERSHED d 5777 g 714 6491
Outside ILLINOIS RIVER WATERSHED g 2784 0 616 3400
Not Given 7032 752 10792 43191 61763,
Cobb-Vantress (Tyson) Inside ILLINOIS RIVER WATERSHED 364 479 31737 555 33134
Border ILLINOIS RIVER WATERSHED U 3744 1721 1627 7088
Outside ILLINOIS RIVER WATERSHED 1862 3336 2740 62078 70016
Mot Given 415 U 4] 1] 415
Gearges Inc Inside ILLINOIS RIVER WATERSHED CI g 3165 CI 31465
Border ILLINOIS RIVER WATERSHED g 1096 45 108 1244
Outside ILLINOIS RIVER WATERSHED U 270 114 384
Not Given 2778 40 240 1056 4164
Peterson Farms Inside ILLINOIS RIVER WATERSHED U 1281 2959 6§33 4873
Border ILLINOIS RIVER WATERSHED g 5110 g 1679 6789
Outside ILLINOIS RIVER WATERSHED 301 1043 180 10277 11801
Not Given 945 405] 4544 2988 8382
Simmons Foods Iriside ILLINOIS RIVER WATERSHED 184 2733 16103 1512 20532
Border ILLINOIS RIVER WATERSHED 214 45491 §36 He4 6730
Outside ILLINOIS RIVER WATERSHED 579 748 3589 249444 34360,
Mot Given 717 232} 2305 2570 5823
Tyson Foods Inside ILLINOIS RIVER WATERSHED 117 2404] 23678 420 26619
Border ILLINOIS RIVER WATERSHED 300 4486 0 2327 7113
Quiside ILLINOIS RIVER WATERSHED 56 12538 515 17420 19754
Not Given g 24 345] g 369
Willow Brook Foods Inside ILLINOIS RIVER WATERSHED U 645 U 1120 1768
Border ILLINOIS RIVER WATERSHED 1 1194 g97 2400 4591
Outside ILLINOIS RIVER WATERSHED g ql 0 ¢ 0

In recent years some poultry waste has been transported out of the IRW, largely duc to a program
in which BMPs Inc. receives a $10 per ton subsidy for poultry waste removed from the
watcrshed. BMPs Inc. documents (Herron, 2006) indicate there had been @ market for
approximatcly 50,000 tons of poultry wastc annually with this level of subsidy. The BMPs Inc
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document further indicates “It is clear that once the subsidy program cnds, most of the litter will
have to be sold locally, without additional assistance.”

Fisher (2008) documented movement of some poultry waste out of the IRW as shown in Table
4.2. As thc BMPs Inc. documents indicate, the amount of poultry waste that will be transported
without a subsidy is likcly to be very limited.

Tablc 4.2.
Tons of Poultry Wastc Hauled from the Illinois River Watershed to Locations Outside the
Hlinois River Watershed by BMPs, Inc. and Georges™ (2003-2006) (from Fisher, 2008)

Year 2003 2004 2005 2006 TOTAL
BMPs, Inc. Tons 0.00 905.88 | 14,783.57 | 59,736.56 | 75,426.01
Georges’ Tons | 8,877.60 | 11,406.30 | 19,651.13 | 9,282.45| 49,217.48
TOTAL Tons | 8,877.60 | 12,312.18 | 34,434.7 | 69,019.01 | 124,643.50
% of Poultry Waste
Produced that was
Hauled | 2.51% 3.48% 9.73% 19.50% 8.80%

4.2 Proximity of Poultry Waste Land Application - Arkansas Soil and Water Conservation
Commission

The Atkansas Soil and Water Conscrvation Commission data show the following amounts of
poultry waste land applicd within the Illinois River Watcershed (Table 4.3). The poultry waste
cstimates and land application cstimates usc cquations that greatly under predict waste gencrated
per bird as it would be removed from poultry houses and land applicd. The cquations uscd by
the Arkansas Soil and Water Conscrvation Commission to compute poultry waste calculate the
amount of wastc cxcreted on a dry weight basis (amount of waste cxcrcted with all water
removed and without inclusion of bedding materials). Most of the waste generated is shown as
being transferred and thus the location of land application is not provided by the Arkansas Soil
and Watcr Conservation Commission.

Tablc 4.3 Arkansas Soil and Water Conscrvation Commission Estimate of Poultry Waste Land
Applicd in the Ilinois River Watershed. Multiply Values by 1.75 (Sce Scection 3.3) to Obtain
Actual Waste Mass Land Applicd.

Waste Land Applied in IRW (tons)

County 2004 2005 20006 2007
Benton 11,440 7,925 5,935.75 36,180
Washington 24,457 19,269 20,009 30,010
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4.3 Proximity of Poultry Waste Land Application — ODAFF Record Analysis

Dr. Fisher (Fisher, 2008), under the dircction of Dr, Engel, cxamined ODAFF (Oklahoma
Department of Agriculture, Food and Forestry) records of poultry waste land application. For
the Statc of Oklahoma, these data indicated that 30% of poultry waste was land applicd within
the squarce mile in which it was gencrated (data resolution was to the nearest scetion or squarc
mile). Sixty pereent of poultry waste was land applicd within 2 miles of where it was gencrated
and 80% of poultry wastc was land applicd within 5 miles of where it was gencrated.

Analysis of ODAFF rccords for the IRW indicates a similar pattern with poultry waste applicd
cven closer to where it was generated. ODAFF records specific to the IRW indicate 30% of
poultry waste is land applicd within the square mile in which it was gencrated, 67.5% was land
applicd within 2 miles, and 80% was land applicd within 3.6 miles. The overwhelming majority
of poultry wastc generated within the IRW is land applicd near where it is gencerated.

Dr. Fisher’s analysis (Fisher, 2008) of nutricnt management plans for poultry producers within
Arkansas indicate a similar pattcrn of land application of poultry waste.

4.4 Poultry Waste Land Application Litevature

The BMPs Inc. (2007) final report to the EPA indicated that poultry wastc within the IRW has
been land applicd in large quantitics lcading to potential to impact water quality. The BMPs Inc
proposal for transport of a small portion of the poultry wastc out of the IRW was built on this
premise.

Sharpley ct al. (2007} indicate “in many arcas, manurc is rarcly transportcd morce than 10 miles
from where it is producced. As a result manure is often applicd to soils that alrcady have
sufficicnt nutricnts to support crop growth.”

The USDA SCS and FS (1992) indicated that a significant part of the water quality problems in
the IRW arc a result of the large volume of poultry waste generated and disposed of in the basin.
Rausscr and Dicks (2008) assumed af/ poultry waste produced in the IRW was land applicd
within the IRW.

Nelson found nearly 6,000,000 1bs of P annually were applicd to the Arkansas portion of the
Tllinois River Watershed (7,000,000 Ibs if cattle arc considered but Nelson ¢t al. acknowledge
that cattle arc recyceling P). Of this total, ncarly 5,000,000 Ibs of P applicd in the Arkansas”
portion of the watershed were from poultry litter application to pasturcs,

Vicux and Moreda (2003) noted that the P gencrated by the poultry industry in the IRW is
cquivalent to a human population of 8 million people. They further indicated that poultry
manure is stored and then applicd to pasturcland in the watcershed.

Storm ct al. (1996) found that a maximum poultry waste transport distance of 8000m

(approximatcly 5 miles) from poultry houscs in the IRW provided the best observed fit between
cstimated STP and obscrved STP
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Storm ct al. (2006) applicd all poultry waste within 5 km (approximatcly 3 miles) of poultry
houscs when modcling the IRW. This was bascd on their expericnces and analysis of poultry
wastc transportation distance in the Eucha Spavinaw Watcrshed.

Other reports and litcrature in Scction 2 “Review of Illinois River Watershed Studics - P
Contribution” also indicate that poultry waste gencrated within the IRW is land applicd within
the IRW. Litcrature reviewed in Appendix A also indicates poultry waste is land applicd near
where it is generated.

4.5 Timing of Pouliry Waste Application in the IRW

Dr. Fisher (Fisher, 2008) analyzed the timing of land application of poultry waste in the
Oklahoma portion of the IRW using ODAFF rccords. Analysis of these data indicates the late
winter and carly spring arc the primary period of poultry waste land application within the IRW,
Bascd on disposal records from 1999 through 2004, approximatcly 63.4% of the poultry waste
land disposcd within the Illinois River Watershed is disposed during February through June as
shown in Figurc 4.1. This period of land application coincides with the period of greatest rainfall
within thc IRW, thereby increasing runoff of poultry waste to IRW waters.
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Figurc 4.1, Timing of poultry wastc disposal within the Oklahoma portion of the IRW
determined from records maintained by ODAFF (1999-2004 data) (From Fisher, 2008).

Engel 23



Case 4:05-cv-00329-GKF-PJC  Document 2157-4 Filed in USDC ND/OK on 06/05/2009 Page 31 of 53

5. Observed P Loads in the Illinois River Watershed

The P loads to Lake Tenkiller averaged approximately 505,000 Ibs annually between 1997 and
2006. This represents a significant P load to the lake and is much greater per unit area than
Jor other watersheds in the region.

The obscrved P loads to Lake Tenkiller indicate a substantial P load relative to other watersheds
in the region (Tortorelli and Pickup, 2006 and Pickup ct al,, 2003). Table S 1 provides USGS
calculated P loads at the Tahlequah and Baron Fork USGS gauging stations ( Tortorelli and
Pickup, 2006 and Pickup ct al,, 2003). The P loads vary greatly from year to year due to weather
variability that impacts P losses to strcams and rivers and impacts water flows that carry P into

Lake Tenkiller.
Table 5.1. USGS Computed Annual P Loads (Tortorelli and Pickup, 2006 and Pickup ct al,,
2003)
Total Annual P (Ib/yr)
Baron

Years Tahlequah  Fork
97-99 307,000 32,800
98-00 511,000 124,000
99-01 621,000 135,000
00-02 559,000 154,000
01-03 331,000 59,000
02-04 355,000 120,000

USGS and OWRB samples analyzed for total P content were used along with USGS flow data to
compute obscrved P loads at the Tahlequah, Baron Fork near Eldon, and Cancy Creck gauging
stations between 1997 and 2006, The LOADEST (load cstimator) software (Runkel ct al,, 2004)
was uscd along with these data in calculating P loads. Tortorelli and Pickup (2006) and Pickup
ctal. (2003) uscd this approach in computing P loads for the IRW. The approach uscd by
Tortorelli and Pickup (2006) and Pickup ct al. (2003) was uscd in calculating P loads. The R for
LOADEST calculated P and obscrved P is shown in Table 5.2, The fit between calculated P and
obscrved P is a very good fit. LOADEST can be used to calculate P loads within the IRW.,
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R2
Year Tahlequah Baron Fork Caney Creek
1998 0.95 0.89 0.87
1999 0.95 0.96 0.87
2000 0.96 0.94 0.95
2001 0.94 0.93 0.97
2002 0.92 0.93 0.98
2003 0.90 0.92 0.98
2004 0.94 0.97 0.98
2005 0.95 0.98 0.99
2006 0.95 0.98 0.99

The IRW P loads calculated with LOADEST arc shown in Table 5.3 and show substantial

variation annually duc to differences in rainfall and flow into Tenkiller.

Tablc 5.3. Obscrved P Loads Based on USGS and OWRB P Data and USGS Flow Data

Walker (1987) indicated that for the IRW, phosphorus coneentration cannot be considered
independent of flow, and thus averaging the concentrations independent of flow would yicld
invalid results. Thus, the usc of the approach in LOADEST was necessary to account for the

Total P (1b/yr)
Baron Caney

Year Tahlequah  Fork Creek Total

1997 211,467 25,500 4,140 241,107
1998 422,906 39,887 9,024 471,817
1999 392,336 49,755 8,349 450,440
2000 771,454 298,307 55,787 1,125,548
2001 456,947 98,931 36,616 592,494
2002 301,474 52,666 16,574 370,714
2003 94,684 10,107 3,485 108,276
2004 631,798 459,054 57,086 1,147,938
2005 258,021 68,639 14,004 340,664
2006 128,415 58,300 10,574 197,289

relationships between flow and P concentrations within the IRW

For the period 1997 to 2006, the P loads to Lake Tenkiller range from slightly more than 197,000

Ibs in 2006 to morc than 1,147,000 Ibs in 2004 as shown in Tablc 5.3. The average annual P
loads to Lake Tenkiller were approximately 505,000 Ibs between 1997 and 2006, Vicux and

Morceda (2003) indicated that variability from year to year is cxpected in water quality
constituents such as P if surfacce runoff is a dominant transport mechanism. They analyzed data
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for thce IRW and found that surface runcff was the dominant transport mechanism for P in this
watcrshed., Data summarizing the variability in flows within the IRW rivers arc provided in
Figurc 5.1 and Tablc 5.4. Rainfall variability is summarized in Table 5.5.

The water flows to Lake Tenkiller for the period of 1997 to 2006 arc much smaller than flows
that have been experienced to Lake Tenkiller in the past (Table 5.4). If the IRW had cxperienced
flows that were similar to historical flows (1950-2007) during 1997 to 2006, the obscrved P
loads for 1997 to 2006 would have been significantly higher.

Average Flow Rate at USGS Gages

3000 -
. 2500
£ \
© 2000 \ _
& 1500 AL L . |—Baron
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Figurc 5.1 Annual Obscrved Daily Average Flow Rate at USGS Gauges at Tahlequah and Baron
Fork ncar Eldon

Table 5.4. Summary of Annual Flow Data at USGS Gauges Tahlequah and Baron Fork ncar
Eldon for 1950-2007 and 1997-2006

1997-2006  1950-2007

Baron Fork  Q ave (cfs) 304 323
Tahlequah 878 922
Baron Fork  Range (cfs) 144-409 41-795
Tahlequah 439-1159 205-2393
Baron Fork St Dev 95 163
Tahlcquah 265 457
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Tablc 5.5. Annual Rainfall Summary Statistics for Rain Gauge COOPID 35354 in the IRW

Average
Annual St.
Rainfall (in) Dev Range (in)
1950-2006 50.15 10.24 27.51-81.14
1997-2006 51.34 720  36.44-59.65
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6. Point Sources of P in the Illinois River Watershed

A portion of the P in the IRW rivers and streams and reaching Lake Tenkiller is from Waste
Watcr Treatment Plant (WWTP) discharges. Waste Water Treatment Plants within the IRW
discharge P into the streams and rivers of the IRW that cventually reaches Lake Tenkiller. 2
discharges from IRW WWTP have changed over time. WWTP P discharges into IRW streamns
and rivers peaked at slightly more than 204,000 Ibs annually in the late 1990s and early 2000s.
Beginning in 2003, WWITP P discharges decreased to a little more than 90,000 l1bs annually in
the IRW due to changes in WWTP technology. The defendants’ processing facilities discharge
a significant amount of P to WWIPs and thus contribute to point P sources within the IRW.,

WWTP contributions of P to the Illinois River for three time periods are shown in Table 6.1
Changes in WWTP technology significantly reduced P contributions beginning in 2003 (from
more than 204,000 Ibs annually to a littlc more than 90,000 lbs annually). Recent P discharges
from WWTPs were computed from recent WWTP discharge data (1999-2007 Permit
Compliance System (PCS) data) from the Oklahoma Department of Environmental Quality and
the Arkansas Department of Environmental Quality. WWTP discharges prior to 2003 were
obtained from Gade (1998), representing P discharges for the 1990s through 2002, Nelson
reported similar WWTP discharges of P for the Arkansas portion of the Illinois River for the late
1990s through 2006, Nclson obscrved a significant reduction in WWTP P discharges beginning
in 2003. Discharges from Arkansas WWTPs represent the majority of WWTP P discharges into
the IRW strcams and rivers.

Tablc 6.1. WWTP Total P Discharge to Strcams and Rivers within the IRW
Mid 70s Early 90s  2003-present

P Load P Load P Load
WWTP (Ib/yr) (Ib/yr) (Ib/yr)
Springdalc 70,841 95,128 25,112
Siloam Springs 23,014 22,046 29,638
Fayctteville - Noland 0 9,921 5,147
Rogers 41,515 47,619 16,206
Lincoln 1,767 2,646 2,336
Prairic Grove 2,409 2,646 3,285
Tahlcquah 19,235 10,362 2,738
Stillwell 15,675 2,519
Westville 2,502 6,393 840
Gentry 1,767 3,748 2,336
Watts 1,102 0
Midwestern nutscry 1,323 0
Chcrokee Nation 1,168 0
Stillwell Canncry
Total 178,724 204,101 90,155

The WWTP P discharges from the late 1970s and carly 80s were obtained from the
Roberts/Schnorick and Associates report of 1984 and two EPA Environmental Lab (1977)
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1979-1984 and thc EPA valucs arc mid 1970s valucs. The Roberts/Schnorick P discharge valucs
arc reported as Ibs/day of phosphorus, Comparing Roberts/Schnorick P discharges for the same

WWTPs with thc EPA valucs and valucs reported for later in the 1980s, the Roberts/Schnorick P
discharges arc not phosphorus but arc phosphate (P;Os). The discharges converted to P arc

shown in the far right column in Table 6.2

Tablc 6.2. WWTP P Discharges into IRW Strecams and Rivers for Late 1970s and Early 1980s

Annual P Discharge (Ibs/yr)

Environmental

Roberts/Schnorick Lab Las Vegas Roberts/Schnorick
WWTP (1984) as P,0s (1977) as P
Springdalc 161,002 70,841
Siloam Springs 52,305 23,014
Fayctteville - Noland 0 0
Rogers 94,353 41,515
Lincoln 4,015 1,312 1,767
Prairic Grove 5,475 2,409
Tahlequah 46,173 19,235 20,316
Stillwcll 0 15,675 0
Westville 0 2,502 0
Gentry 4,015 1,767

The Roberts/Schnorick report indicates there were three permitted point source discharges in the
upper linois River system in addition to the WWTPs they considered. These were the
Centerton Hatchery, the Swepeo Flint Creck Power Plant and Gates Rubber. No P discharges
from these sources were reported (permits did not include P discharge) or considered in the

Roberts/Schnorick 1linois River asscssment report.

The historical WWTP P discharges into strcams and rivers of the IRW arc shown in Table 6.3,
These were needed for modeling P Loads (Scetion 10), The late 1970s/carly 1980s WWTP P
discharges shown in Table 6.2 were used to compute a waste discharge per person and the
resulting value was used to computc WWTP P discharges for 1950, 1960 and 1970. WWTP P
discharges from Tablc 6.1 were used for 1980 to present.

Table 6.3, Estimatcd WWTP P Discharges Historically into Streams and Rivers of the IRW

Engel

IRW Estimated Estimated Observed
Year population P (kg/yr) P (db/yr) P (db/yr)
1950 83,874 46,701 102,958
1960 91,552 50,977 112,383
1970 125,496 69,877 154,050
1980 165,695 178,724
1990 192,439 204,101
2000 280,383 90,155
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A substantial amount of the P discharged from the Springdale WWTP is from industrial sources

Table 6.4 shows industrial P flows to the Springdalc WWTP. The defendants discharge more
than 88% of the industrial P to the Springdalc WWTP (morc than 257,000 Ibs annually).
Historically (before 2003 ), the Springdale WWTP P discharges were 44% of IRW WWTP P
discharges and currently (since 2003) represent about 28% of IRW WWTP P discharges

Tablc 6.4. P Discharges to Springdale WWTP from Industrial Sources

Facility Name

Dates

P (Ib/d)

Allen Canning Co
Allen Canning Co
Blaylock Company

Cargill, Inc.

Cintas Corporation

D. B. Foods, Inc

Danaher Tool Group

Danaher Tool Group
George's Debone

George's Further Processing
George's, Inc.

J B. Hunt Transport, Inc

J B. Hunt Transport, Inc

Monark Egg

Midcentral Egg

Pappas Foods, L.L.C.

Sonstegard Foods Ine. of Arkansas
Supcrior Linen Scrvice

Triple T Foods, Inc.

Tyson Foods, Inc. - Berry St

Tyson Foods, Inc. - Hog Trailer Wash
Tyson Foods, Inc. - Randall Rd.
Tyson Research & Technology

10/87-12/90
12/94-11/01
12/94-11/02
12/94-11/03
12/94-11/03
12/94-11/01
10/91-9/07
10/87-9/91
2/97-11/01
12/02-11/03
12/94-11/03
12/94-11/03
12/94-11/03
10/87-9/90
10/90-9/91
12/00-11/01
12/02-11/03
7/98-11/03
12/94-11/03
12/94-11/03
8/95-11/03
12/94-11/03
10/95-11/03

11.8
80.8
28
118.8
7.6
17.4
297
6.7
30.5
52,0
115.5
09
0.4
122
6.4
4.1
0.0
31
39
244.0
14.5
123.8
6.1

Total

893.0

The defendants make a substantial contribution to point source P discharges from the Springdale

WWTP The daily P contribution to the Springdale WWTP from people is approximatcly 138
Ibs/day (2000 census population of Springdale is 45,798 people * 1 1 Ib P/person per year / 365
days/yr). The defendants discharge 705 Ibs P per day to the Springdale WWTP representing
79% of P inflow to the Springdale WWTP. Bascd on these inflows to the Springdale WWTP,
the defendants’ P discharge from the Springdale WWTP represents 35% of total WWTP P

discharges into IRW rivers and Lake Tenkiller historically (44% of WWTP P from Springdale *

79% of P to Springdalc from dcfendants = 35%) (before 2003) and currently (since 2003)
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represents more than 22% of total WWTP P discharges to IRW rivers and Lake Tenkiller (28 %
* 79% = 22%). The defendants’ portion of P discharges through the Springdalc WWTP
represents a substantial amount of WWTP P discharges into IRW rivers and Lake Tenkiller,

WWTP watcr discharges to the IRW strcams and rivers since 2003 arc shown in Table 6.5 as
reported in the PCS data.

Table 6.5. WWTP Watcr Discharges Since 2003

WWTP Flow (mgd)
Springdalc 12.4
Siloam Springs 268
Fayctteville - Noland 518
Rogers 571
Lincoln 0.44
Prairic Grove 032
Tahlequah 2.65
Stillwell 0.81
Westville 0.14
Gentry 0.44
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7. Phosphorus Mass Balance

The movement of phosphorus into and out of an arca (¢.g., a mass balance analysis) provides
insight into the primary sources of P within an arca such as a watcrshed. A P mass balance for
the lllinois River Watershed indicates poultry production is a substantial contributor to P
within the Hlinois River Watershed. Poultry production within the Illinois River Watershed is
currently responsible for more than 76% of P movement into the watershed.

7.1 P Mass Balance Analysis for the IRW

Under my direction, M. Smith performed of an analysis that cxamined the flow of P into and out
of the IRW system (c.g., a mass balancc) (scc Appendix B for full analysis). The findings
include:

1. Poultry production is currently responsible for morc than 76% of the nct annual
phosphorus additions to the IRW.

2. Historical data indicates poultry production has been the major contributor of phosphorus
to the watershed since 1964, Prior to 1964, dairy cattle were responsible for the majority
of the phosphorus contribution.

3. From 1949 to 2002, there was more than 219,000 tons of phosphorus added to the IRW,
Almost 68% of that addition, morc than 148,000 tons, was attributable to poultry
production.

4. Other contributing sources of phosphorus (nct additions) include commercial fertilizers
(7.5%), dairy cattle (5.2%), humans (3.2%), swinc (2.9%), industrial sourccs — mostly
poultry processing facilitics (2.7%) and becef cattle (1.7%). The remaining sources of
phosphorus cvaluated in this study, which include urban runoff, golf courses, wholesale
nurscrics, and recrcational users, arc negligible (< 1%).

5. Of the three phosphorus cxports from the watershed (harvested crops, harvested deer, and
watcr lcaving Lake Tenkiller through the spillway) outflow of phosphorus through the
spillway at thc south cnd of Lake Tenkiller was the largest.  According to current
cstimatcs, the flow of water through the spillway removes just under 1.25% of the total
annual phosphorus additions to the watershed. The remaining two phosphorus cxports
combined remove just over 0.25% of current annual phosphorus additions to the
watcrshed, totaling a 1.5% removal of current phosphorus additions.

Figurc 7.1 shows the current additions of P to the IRW by source. As noted above, poultry is
responsible for the overwhelming majority (76%) of P additions to the IRW.,

Engel 32



Case 4:05-cv-00329-GKF-PJC Document 2157-4 Filed in USDC ND/OK on 06/05/2009

Percentage of Current Phosphorus Additions by Source
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Figurc 7.1 Phosphorus Additions to the IRW as a Percentage by Source
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7.2 P Mass Balance Literature

The scicntific litcrature describes similar approaches as that uscd by the mass balance analysis
sct forth in Appendix B. In addition, some of these studics include portions of the IRW and
rcached similar conclusions as those highlighted above and in Appendix B.

Slaton ct al. (2004) indicatc that a fundamental component of nutricnt management strategics is
to determine the balance between nutrient inputs and cutputs to identify arcas where soil nutrient
inputs arc greater than removals. Slaton ct al. (2004) termed such arcas as “critical arcas™ and
indicated that nationally many such arcas have been identificd and these arcas coincide with
coneentrated animal production, They identificd critical nutrient arcas within Arkansas by
dividing Arkansas into 9 gecographic regions and computing a nutrient mass balance for cach
region. Nutrient removal by crops and nutrient inputs from livestock production were computed
bascd on Agricultural Statistics Scrvice data. Livestock nutrient inputs to soils were computed
bascd on livestock numbers and nutrient content of livestock waste by specics. Nutrients
contained in beef cattle manure were ignored by Slaton ct al. (2004) as they indicate “a large
proportion of these nutrients arc obtained from forage and deposited directly (ic., recycled) to
pasturcs during grazing rather than collected in lagoons or stockpiled from confined animal
production facilitics.” Nutricnt inputs from inorganic fertilizers were computed based on
Arkansas fertilizer sales data,

Slaton ct al. (2004) found that the district with the greatest cxcess N and P was northwest
Arkansas which includes Benton and Washington countics. This region was estimated to have
an accumulated P in soils for a 5 year period of 32 kg/ha, Kcllogg ct al. (2000) and Kcllogg
(2001) conducted a national nutricnt balance asscssment and identificd the Illinois River
Watcrshed and the northwest Arkansas and northeast Oklahoma arca as being vulnerable to P
loss in tuncff duc to cxcess manure based P being land applied. Sharpley ct al. (2007) indicate
that the spatial scparation of crop and poultry production systems results in a large-scale onc-way
transfcr of nutricnts from grain to poultry producing arcas. This is certainly the casc for the
IRW.

A similar mass balance approach was uscd by Mallin and Cahoon (2003) to cstimate nutricnts in
livestock waste within North Carolina. Stow ct al. (2001) also usced a similar approach in
computing nutricnt inputs into the Neusce River Watershed in North Carolina. Casscll ctal.
(2002) uscd a mass balance and modeling approach in cxploring P losses from watersheds.
Sharpley ct al. (2007) computed P surpluses for farms and found that poultry farms had the
grcatest P surpluscs. Tarkalson and Mikkelsen (2003 ) cxamined P surpluscs on a typical poultry
farm and found that an annual surplus of 65 kg P per ha was available for broiler farms and
indicated this presents a potential hazard to surface water quality.

The accumulation of cxcess P in soils is problematic, since soil P levels are correlated to the
amount of P in runoff (Slaton ct al,, 2004). Onc of the solutions to this problem is the
transportation of manurc outside the critical watcrsheds with substantial animal production to
row-crop production arcas (Slaton ct al., 2004). Howcver, they indicate that “the low cconomic
valuc of poultry litter, which represents the majority of organic nutricnt sources producced in
Arkansas, as a fertilizer nutrient source is belicved to prohibit its transpott to the primary row-
crop production arca.” Slaton ct al. (2004) concludc that their assessment may help reinforee the
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thought that current nutricnt application strategics in western Arkansas arc not sustainable
without the danger of creating and/or exacerbating water quality issues from excessive nutrients.

Nelson ct al. (2002) performed a phosphorus mass balance for the Arkansas portion of the
1linois River Watershed. Sources of P identificd in the mass balance were livestock manure,
inorganic fertilizers, sludge applications and point source inputs from wastewater treatment
plants. Livestock production was estimated basced on agricultural statistics by county and the
portion of these livestock within the watershed was allocated based on land use (pasture). A
reference value of P exercted by livestock was used with the livestock production numbers to
cstimate total P by livestock specics. Nelson et al. (2002) included dairy and beef cattle in the
mass balancc calculations but indicated that “beef and dairy are the only animals that obtain the
majority of their phosphorus through grazing. Therefore, they are consuming plant phosphorus
and depositing manure phosphorus (i.¢., no nct change in phosphorus in IRDA (Tllinois River
Drainage Arca)).” A presentation to Cargill produccers also acknowledges this. The annual
accumulation of P in pasturc soils was cstimated at 8 to 9 kg P/pasturc acre per year. This was
largely duc to the application of cxceess poultry litter to pasturcs (CARTP016287-
CARTP016290).

Nelson found nearly 6,000,000 1bs of P annually were applicd to the landscape in the Arkansas
portion of the Illinois River Watershed (7,000,000 Ibs if cattle arc considered but Nelson ct al,

acknowlcdge that cattle arc recycling P). Nearly 5,000,000 1bs of P were estimated to be from
poultry litter application to pasturcs in the watcrshed. This represents approximately 83% of P
inputs to the watcrshed annually.

Sharpley ct al. (2007) conclude that “the capacity of watcrsheds to assimilate nutrients, assuming
somc transport of manure from P-rich to P-deficient arcas, should be determined and used in
stratcgic planning of futurc development, cxpansion, or realignment of poultry operations.”

7.3 Soil Test P Data for lllinois River Watershed

The soil test phosphorus data for the Ilinois River Watcrshed arca indicate soil P levels have
been built to exeessive levels well beyond agronomic requircments as a result of poultry litter
application to pasturcs in most arcas (Johnson, 2008). The soil test phosphorus levels within the
IRW (Tablc 7.1) support the P accumulation described in the IRW mass balance. These high
STP levels in the IRW contribute to P loads in IRW streams and rivers and to Lake Tenkiller.

Table 7.1 Soil Test Phosphorus Levels in the IRW Indicate Elevated P Levels Due to Poultry

Waste Application
County Soil Test P Years
Benton 504 2000-2007
Washington 446 2000-2007
Adair 182 1995-2006
Cherokee 75 1995-2006
Dclawarc 160 1995-2006
Scquoyah 50 1995-2006
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Background STP levels in the IRW can be estimated from samples obtained at the Nickel
Reserve within the IRW - STP values for forested arcas at the Nickel Reserve were 17.4 to 20.6
Ib/acre for the top 6 inches of soil. These values would represent a background STP valuc within
the IRW as no P has been applicd to these arcas in the form of fertilizer or livestock waste. STP
valucs for pasturcd arcas at the Nickel Reserve were 28 1o 37 .4 Ibs/acre for the top 6 inches of
soil. Livestock waste and fertilizer have not been applicd to these arcas for many years, so these
STP valucs would represent likely background levels for pastures that arc occasionally grazed by
livestock., STP values within the IRW soils as depicted in Table 7.1 indicate clevated STP valucs
relative to background STP valucs.
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8. P Loads in the IRW Based on Continued Poultry Waste Land Application

Rescarchers have obscrved that annual P loads to strcams and rivers are approximately 5% of the
annual application of poultry litter or annual poultry litter combined with other P applicd to the
landscape in circumstances where there has been a buildup in STP. Bascd on the annual
application of poultry wastc to pasturcs within the Illincis River Watcrshed and literature valucs
of P loads to water, application of poultry wastc to pasturcs in the llinois River Watershed is a
substantial contributor to P in the strcams and rivers of the watershed and to Lake Tenkiller.
Average annual P loads to water in the lllinois River Watershed attributable to poultry waste
application to pastures is calculated at between 432,000 1b to nearly 500,000 1b annually based
on poultry waste P application to the landscape and literature P loss coefficients.

8.1 P Loads Based on P Application to Landscapes and P Loss Coefficients

P loads to runoff can be computed based on the P applicd to landscapes and relationships
between P in livestock waste that is spread on the land and P that is accumulated in the soil.
Sharpley ct al. (2007) indicates 5% of poultry waste applicd to land is lost in surface runoff (sce
Figurc 8.1). They indicate such losscs arc agronomically small (gencrally less than 2 kg P per
ha). Howcever, such losses can have significant cnvironmental impact. With continued P
application in cxcess of agronomic needs, the portion of P lost with runoff could be greater than
5% (sce Scction 10 of this report) (Stow ctal, 2001).

Willett ot al. (2006) modeled phosphorus loads from poultry waste application to agricultural
arcas in the 1llinois River Watcrshed within Arkansas and Oklahoma. In their modcling, 33% of
P was available to the crop and 67% went to building P in the soil. Of the P going to the soil, 8%
was modcled as lost in runoff. Thus, 5.36% (67% of P to soil * 8% of this lost in runoff) of P
applicd through poultry littcr applications in the watcrshed was lost in runoff cach year (Willet ¢t
al., 2006).

Nelson ct al. (2002) performed a P mass balance for the Arkansas portion of the Illinois River
Watcrshed. They used obscrved P data in the Illineis River to compute the amount of annual P
applicd to the landscape that is cxported from Arkansas in the Illinois River. Point sources of P
were removed from the observed P in the Illinois River before computing the percentage of P
that was applicd to the landscape that reached the Illinois River and was cxported. Nelson ct al,
(2002) found that 4% of P applicd to the landscape in poultry litter, cattle manure, sludge and
inorganic fertilizer was lost annually to the Illinois River. If cattle manure is removed from this,
as the P contained in cattle manure is recycled P from other sources (poultry), this percentage is
slightly over 5% which is comparable to the value reported by Sharpley et al. (2007) and by
Willett ct al. (2006).
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Factors affecting the fate of phosphorus in a poultry farm.
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Note: Numbers in parentheses are based on an apptoximate farm nutrient balance and relative fate of P as a pefcentage of ipad (farm gate) or
percentage of fertilizer and manure {(manure application and land management) (adapted from Howarth et al. 2000; Sims and Sharptey 2005).

Figurc 8.1 Factors affecting P loss on poultry farms (From Sharpley ct al. (2007))

Elcvated soil P from poultry waste application to pasturc can also contribute substantially to P
losscs in runoff. Figurcs 8.2 and 8.3 show the results of a study in which poultry litter was
applicd to Bermuda grass plots (Sharpley ctal, 2007). The soil P levels increased, resulting in
greatly increased surface runoff of P, even 6 years after litter application was stopped. For high
levels of STP, P loss with runoff may occur for decades and beyond as highlighted in Scetion 10
of this report.

Danicls ct al. (1999) indicatc that arcas with high soil test phosphorus levels can have
appreciable amounts of soluble phosphorus in runoff water and significantly impact water quality

in reeeiving streams and lakes.

A powerpoint presentation for Cargill producers indicates that the long term effeets of poultry
wastc land application should not be overlooked (CARTP0O16287-CARTP016290).
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Surface soil (o to 5 cm) Mehlich-3 P and mean annuat dissolved P concentration of surface
runoff and subsurface flow (70 ¢m depth) from bermudagrass before, during, and after poultry
litter application (11 Mg ha tyr*; 140 kg P ha*yr),
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Figurc 8 2. P Loads in Runoff Duc to Elcvated Soil P Levels (From Sharpley ctal. (2007))

Phosphorus budget of poultry litter application, phosphorus uptake by bermudagrass, and total phosphorus loss in surface and subsurface flow
from a Ruston fine sandy loam in Oklzhoma.

Bermudagrass Total P loes in flow

Litter P added Yieid P uptake Surface Subsurtace
Yoar (g ha yrt) (g ha* yr*} (kg ha~* yr) (kg ha* y1!) (kg hat yr%) P balance
Before application
1989 [+] 3.500 59 0.2 01 -6.2
1990 o] 4,010 6.4 0.2 01 -8.7
During spplication
1991 140 8.110 16.9 3.8 01 +119.2
1992 140 8,210 18.6 51 04 +115.9
1993 140 8,510 200 78 oS +111.7
After spplication
1994 [v] 8,040 225 5.6 0.7 -28.8
1995 0 7.120 18.2 4.2 0.6 -23.0
1994 o] 6,920 152 22 0.5 ~159
1997 0 7510 192 1.6 04 -21.2
1998 4] 7,230 18.7 13 02 202
1899 0 6,900 174 09 0.2 -18.5
Total 420 76,060 179.0 32.9 38 +208.0

Notes: Balance of P was determined as litter P added - P uptake by grass +P loss in surface cunoff + P loss in subsurface flow. Negative values
indicate a net loss of P from the plots and positive values a net gain of P.

Figurc 8.3 P Loads in Runoff Duc to Elcvated Soil P Levels (From Sharpley ctal. (2007))
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Sharpley ct al. (2007) indicate as soil test P increascs, so docs P in runoff (Figure 8.4).
As soil phosphorus increases so does crop yield and the potential for P loss in surface runoff.

Soll test P categorles for crop yleld response
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Note: The interval between the critical soil P value for yield and runoff P will be important for
P management.

Figurc 8.4. Relationship Between Soil Test P and P Loss in Surface Runoff (From Sharpley ct al.
(2007

8.2 P Loads to IRW Water Based on Landscape Application and Literaiure P Loss Esiimaies
The P loads to water from NPS sources can be calculated basced on the mass of P applicd to the
landscapc annually and a cocfficient (Sharpley ct al,, 2007: Willett et al,, 2006; and Ncelson ct al.,
2002). These authors all suggest the cocfficient should be approximately 5% of P applicd to the
landscape. Using a cocfficient of 5% and the defendants’ poultry waste P content, the P losscs
from this poultry wastc arc shown in Table 8.1.

Tablc 8.1 Poultry P Loads in the IRW Bascd on Defendant Supplicd Poultry Production Data
and a 5% P Load Cocfficient

Poultry P Load to

Year  Total P (1bs) Water (Ibs)
2001 8,639,766 431,988
2002 8,702,182 435,109
2003 8,737,112 436,856
2004 9,975,305 498,765
2005 9,819,383 490,969
2006 9,000,113 450,006
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As noted above, we computed a P mass balance for the IRW. The sources and amounts of P
applicd to the IRW crop and pasturc land in 2002 arc shown in Tablc 8.2, Bascd on these P
applications to the landscape and a 5% loss to water, the total average annual P load in IRW
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watcr from these sources is approximately 570,000 Ibs annually, with poultry waste responsible
for morc than 464,000 Ibs annually. This is similar to the P load to water computed in Table 8.1,

Poultry waste application to the landscape of the IRW results in substantial P loads to IRW
waters and Lake Tenkiller.

Engel

Table 8.2. P Applicd to the IRW Landscape in 2002

Source P (tons)

Commercial Fertilizer 455

Poultry 4642

Swing 177

Dairy Cattlc 319

Beef Cattle 105
41
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9. Poultry House Density Correlated to Elevated P Levels in Runoff and Base Flow

The analyses of observed P in runoff and in baseflow for 14 small watersheds within the
IHllinois River Watershed that were sanpled in 2005 and 2006 show a strong and statistically
significant correlation between P in runoff and in baseflow and poultry house density. Sub-
basin poultry house densities are strong predictors of stream total phosphorus concentration
showing a cause and effect relationship between poultry house operations and phosphorus
concentrations in IRW waters. From these analyses, it is evident that poultry waste is a
substantial contributor to P in stream runoff and in the baseflow within streams of the Illinois
River Watershed.

Data were collected as part of the small tributary sampling program in the IRW (Olsen, 2008).
Data were collected for both highflow and bascflow conditions throughout two summer periods
(2005 and 2006). Data were collected from a total of fourteen sampling locations in small
tributarics throughout the basin that covered a range of drainage arca size and landusc
characteristics. A representative range of poultry house presence (from no presence to highly
active presence) was included in the sampling program. Further details of this sampling program
arc provided in Olscn (2008). Regression analysces were performed for measured total
phosphorus concentrations as a function of a range of hypothesized potential predictor variables,
including poultry housc densitics in and ncar the sampled watersheds.

As the following analysis demonstrates, sub-basin poultry housc densitics, in a varicty of forms,
arc strong predictors of strecam total phosphorus concentration showing a causc and cffect
rclationship between poultry housc operations and phosphorus concentrations in IRW watcrs,
For the combined 2005-06 data scts, all 6 of the poultry house density predictor variable forms
arc shown to be significantly and positively correlated with total phosphorus concentrations in
the recciving streams during highflow cvents. The strongest and most convincing correlations
appcar to be for the pooled 2005 — 06 phosphorus concentrations vs. total and active poultry
housc densitics within a 2 mile buffered drainage arca (sce Appendix C). These results indicate
that poultry housc density is a good predictor of P concentration in runoff from sub-basins within
thc IRW. This finding is consistent with: (1) the obscrvation that land application of poultry
wastc occurs neat poultry housces (Scetion 4), (2) the fact that land disposal of poultry waste
results in P loss in runoff, and (3) the fact that land disposal of poultry waste increases soil
concentrations of P which also increases the amount of P in runoff water and which will clevate
P levels in runoff water cven after poultry waste disposal has stopped. Further details of the
analysis arc provided in Appendix C

Figurcs 9.1 and 9.2 show the relationships between poultry house density within sub-basins (a.

total and b. active) and a two mile buffer for runoff cvents and at bascflow, respectively.
Significant relationships exist in cach instance,
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a.) Pooled 2005 - 2006 Data
Total House Density with 2 Mile Buffer
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b.} Pooled 2005 - 2006 Data
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Figurc 9.1 Runoff Event Regressions: Total Phosphorus Concentration vs. Poultry Presence
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a.) 2005 - 2006 Pooled Data
Total House Density with 2 Mile Buffer
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Figurc 9.2. Bascflow Regressions: Total Phosphorus Concentration vs. Poultry Presence
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Storm (2008) also analyzed P concentration in tunoff and in bascflow from various sources for
the Illinois River Watershed. Significant relationships were found between poultry house
density and P in water (Figure 9.3). Relationships between urban/developed arca and P in water
were not significant (Figurc 9.4).
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Figurc 9.3, Relationship between poultry house density within a sub-basin and P concentration in
water within the IRW (From Dr. Dan Storm, 2008)
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Figurc 9 4. Relationship between amount of urban arca and total P concentrations in water within
the IRW (From Dr. Dan Storm, 2008)
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